In the actual operation of power grid, inverter is the access of source and power grid, and is an important control link affecting power quality. The three-level inverter has very strong nonlinearity, and the loading of nonlinear load produces large harmonic, which seriously affects the transmission quality. The artificial neural network has good fault tolerance and adaptive ability when dealing with the nonlinear system. Based on the artificial neural network algorithm, the three-level inverter control system is designed and simulated. The results show that the neural network control can deal with the nonlinear and uncertainty of the three level inverter control system. With constant voltage and constant frequency, the fluctuation of the output voltage and frequency is within controllable range. The three-level inverter controlled by artificial neural network shows smaller fluctuation and faster adjustment speed. The steady-state error of artificial neural network control is smaller than that under the control of PID. The use of artificial neural network control can greatly improve the dynamic and static capacity of the inverter system.
Introduction
In recent years, with the global energy crisis, the promotion of energy saving and emission reduction strategy and the increasing demand for power supply quality, the distributed generation technology has gained more and more attention and application (Yang et al., 2014) . High-power multilevel inverter has also been used more and more widely. Since three-level inverter can realize the on-line test of the dynamic characteristics of the switch, it can realize the synchronous detection and analysis of the operating parameters of each working state (Hsu et al., 2016; Rajeswaran et al., 2018) . At present, the inverter integrated control system is measured by dynamic and static performance. In order to improve the waveform quality and output power of the three-level inverter, people have developed PID, hysteresis loop, double loop and repetitive control system (Zhang et al., 2011) . Due to the strong nonlinearity and time-varying uncertainty of the three-level inverters, the three-level inverters are influenced by the nonlinearity of the components, so the precision model of the three level inverters has not been established (Wai et al., 2015) . With the rapid development of power grid technology, more and more distributed generation system have emerged, people become more demanding on their electricity conditions. It is difficult to achieve the ideal control effect by using traditional control methods (Deng et al., 2008; Rahman et al., 2014) .
At home and abroad, the design of the traditional three-level inverter control system is heavily dependent on the establishment of the precise model of the inverter. Many scholars have proposed the application of advanced control theory such as artificial neural network to the three level inverter control system (Fu et al., 2016) . The artificial neural network control and PID control are combined to be used in the system, which can improve the grid current waveform of the system and improve the dynamic response performance of the system (Isah et al., 2017; Tan, 2015) .
Some scholars have combined artificial neural network control and PID control to improve the output performance of three-level inverter (Ping, 2013; Orozco et al., 2015) . To sum up, as the artificial neural network algorithm has the advantages of simple controller realization and good real-time performance, it can play a great role in the research of three-level inverter control system (Deng et al., 2010; Ho et al., 2012) . Based on artificial neural network algorithm, the three-level inverter control system is designed, and simulation operation is carried out to verify the rationality, superiority and effectiveness of the artificial neural network control algorithm.
Three-level integrated control strategy

Three-level control strategy
In terms of the whole system structure, the threelevel inverter is a controllable unit composed of distributed generation units and loads (Alimardani et al., 2011) . In order to ensure the safe and reliable operation, it must be operated under both island mode and grid-connected mode. Local frequency and output voltage should be effectively controlled to ensure the safe and smooth operation of the system, and the power difference between the power and load should be absorbed or recharged (Hasanien et al., 2012) . Figure 1 is the main unit control strategy. One of the storage devices is controlled by constant voltage and frequency (V/f control), the other two use constant power control (PQ control). The distributed power is the main power supply, which controlled by constant voltage and constant frequency, providing reference for the voltage and the frequency of other energy-storage devices. Other energy storage devices use constant power control or other control to maintain power stability within the three-level inverter. The common main control units include energy storage device controlled unit, distributed power controlled unit, and unit with energy storage device and distributed power supply control unit. 
Control method of source inverter
There are multiple sources in the three-level design. The design of the inverter will have different control methods and control targets according to the differences of the homologous characteristics. Besides V/f control and PQ control, droop control is another common control method (Sun et al., 2017) . Figure 2 shows PQ control principle. P represents active power, Q represents reactive power, and active and reactive power controllers are used to adjust and control the droop characteristic curves of frequency and voltage respectively. At A point, the reference frequency is f0 and the voltage rating is u0; the active power and reactive power remained stable from point A to point B while the reference frequency and the rated voltage all increase.
Similarly, from point A to point C, the active power and the reactive power remain unchanged while the reference frequency and the rated voltage decrease. Figure 3 shows V/f control principle. This control method requires the output voltage amplitude and frequency to remain constant no matter how the output power changes. At point A, the rated values of frequency and voltage are fre and uref, which can remain unchanged at point A, B and C. The common control methods of inverters include hysteresis current control, double loop control, beat free control, repetitive control, fuzzy control and artificial neural network control. The artificial neural network control has the ability of nonlinear mapping, good fault tolerance and adaptive ability. 
Inverter control system design based on traditional PID Mathematical modeling and parameter design of inverter
The three-level inverter uses SPWM control. In the process of voltage output, harmonics will be generated at the switching frequency. If the distributed power is connected to the inverter, the power quality and the branch voltage will be affected. Therefore, isolating DC, harmonic suppression and short circuit isolation transformer are needed. The three-level control strategy uses the master-slave control, and the control method is also selected according to the system operation mode and the power characteristics. The control methods used in the island and the grid operation are different, so the mathematical model of the three-level inverter needs to be established. The former part of the three-level inverter is equivalent to a DC power supply, and the current is converted into alternating current after passing through the inverter. Assuming that the inductance, current, capacitance and voltage are state variables, the voltage on the sense filter Lf is as follows:
The current equation on the filter capacitor Cf is as follows:
iLi and ildi are current vectors; ui and uldi are voltage vectors. iLi= ildi= ui= uldi=
The current and voltage vectors are brought into formula 1 and formula 2:
Simulation analysis under island mode
Under island mode, due to the loss of the support of the large power grid, constant voltage and constant frequency control is required to ensure the constant voltage and frequency of the island grid. In the overall control process, the stability of the whole system is improved by the stable output of the voltage outer loop and the current inner loop. Table 1 is the system simulation parameters controlled by constant voltage and constant frequency. The capacity of the three level inverter is 100kVA, and the carrier frequency is 8kHz. The output voltage waveform of the inverter is shown in Figure 4 . It can be seen that the amplitude of the voltage is kept constant after accessing to load 2 at 0.5s, and the amplitude of the voltage fluctuation is in the controllable error range. Figure 5 is the output frequency waveform of the inverter. After accessing to load 2 at 0.5s, the frequency of the three-level inverter has a certain fluctuation, which keeps around at about 50Hz, and can basically reach the constant target. Table 6 is the output current waveform of the three-level inverter. The current can be constant alternating under the load 1 before 0.5s, and the output value of the current is increased by 1 times after accessing to load 2 at 0.5s. In other words, under the constant voltage and constant frequency control, the output voltage and frequency are constant, and the output current increases with the increase of load, and the output current is proportional to the load. 
Design of three-level inverter control system based on artificial neural network System design under island / grid-connected mode
Artificial neural network does not need precise mathematical model to control. It has superior adaptability when dealing with the complex nonlinear system of inverter. Compared with traditional control methods, artificial neural networks have advantages including self-learning and self-adaptive ability, nonlinear expressive ability, robustness and fault tolerance, parallelism of computing, distribution of storage and distributed storage. Neural network control can be used to deal with the nonlinear and uncertainty of three-level inverter control system. The structure of neural network consists input layer, hidden layer and output layer. The neural network control system is composed of reference model, neural network controller, three-level inverter and neural network identifier. In the whole control system, the neural network identifier establishes the neural network model of the three-level inverter, and the neural network controller establishes the inverse model of the three-level inverter. The system design under island mode includes three parts: reference model selection, neural network controller design and neural network identifier design. The system design under the gridconnected mode is basically the same as the system design under the island mode, and the difference lies in the number of nodes in the input layer, the hidden layer and the output layer.
Simulation results and analysis
The three-level inverter control system in this paper includes island and grid-connected mode, but the current three-level inverters are mainly used in the island mode, and simulation model of the neural network control is built for the island mode. Figure 7 is the output of active and reactive power waveforms of the three-level inverter. Under PID control, the active and reactive power is 50kW and 0kW respectively under the load 1 before 0.5s. After accessing to load 2 at 0.5s, both active and reactive power are increased by 50kW. Figure 8 is the frequency waveform diagram of the three-level inverter. After accessing to load 2, the frequency of the three-level inverter has a certain fluctuation, but it basically keeps around about 50Hz, and can reach the constant target. Figure 9 is the output current waveform of the three-level inverter. The current can be constant alternating under load1 before 0.5s, and the output value of the current is increased by 1 times after 0.5s. In other words, under constant voltage and frequency, the output frequency is constant, while the output current increases with the increase of load, and the output current is proportional to the load. The simulation results are the same as the simulation results of the island mode under the traditional PID inverter control system design.
In order to compare the simulation results of the artificial neural network control and the island mode under PID control, we compare the output current waveforms of the three-level inverters under different modes, as shown in Figure 10 . 10 (a) is the output current of the three level inverter under the control of the artificial neural network, and 10 (b) is the output current of the three-level inverter under the control of PID. According to the diagrams, the current waveform of the two is exactly the same only under the load 1, but after being accessing to load 2, the three-level inverter controlled by the artificial neural network has the characteristics of smaller fluctuations and faster adjustment speeds. That is to say, the steady-state error under the control of artificial neural network is smaller than that under the control of PID. The use of artificial neural network control can greatly improve the dynamic and static capacity of the inverter system. 
Conclusions
Based on the artificial neural network algorithm, this paper designs a three-level inverter control system, and compares the simulation performance of the with three-level inverter under the control of artificial neural network and the PID. Conclusions are listed as follows:
(1) The neural network control system structure is composed of three-level inverter reference model, neural network controller, three-level inverter and neural network identifier. In the whole control system, the neural network identifier establishes the neural network model of the three-level inverter, and the neural network controller establishes the inverse model of the three-level inverter.
(2) Under constant voltage and constant frequency control, the output voltage and frequency are constant, while the output current increases with the increase of load, and the output current is proportional to the load.
(3) The three-level inverter controlled by artificial neural network shows smaller fluctuation and faster adjustment speed. The steady-state error under artificial neural network control is smaller than that under the control of PID. The use of artificial neural network control can greatly improve the dynamic and static capacity of the inverter system.
